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Pre-Harvest Estimation
of Logging Residues

in Middle Georgia

Inmostloggingoperationslargequantitiesof woodare
left on thesite in topsof cut treesandin unmerchantable
standing trees.Theseresiduesrepresenta wastedre-
sourceandtheyhindersitepreparationandtheplantingof
a newstand.To dealwith residuesin asystematicway, a
managermustknowthequantityandtypeof materialthat
will be left before an existing stand is harvested.The
resultsreportedhereshowthatresiduequantitiescanbe
predictedwith reasonableaccuracyprior to harvesting.If
whole-tree chippersare used,the study also demon-
stratesthe overwhelmingadvantageof chipping small
trees before the larger, more valuable timber is har-
vested.

The applicationsdescribedheregrew out of a study
sponsoredbytheSoutheasternRegionalBiomassEnergy
Program,which is administeredby theTennesseeValley
Authority for the U. S. Departmentof Energy. We
assumedatthe outsetthat undercertaineconomiccon-
ditions,recoveryof the residuesfor fuel would be practi-
cal. In an extensivesearch,however,we found no oper-
atorswilling to considerrecoveryof downedmaterial.We
thereforeassumethat only standingmaterialwould be
recoverable.

In the energy application, predictions of residual
material are necessaryto assessfeasibility of recovery,
identify the best harvestprocedurefor solid products,
fiber, andfuel, andto contractfor thesaleor subsidized
removalof the fuel component.However, predictionsof
both standinganddownedmaterialarealsoimportantin
estimating site preparation costs and determining
whethermorematerialshouldberemovedduringthehar-
vestingoperationto reducethosecosts.

The studywasconductedundera limited setof con-
ditions in Middle Georgia.Thegeneralareawaschosen
becauseit hasthelargestarrayof initial standconditions,
themostvariedproductmixes,andthelargestnumberof
multiproduct logging operationsin the State.Success
here demonstratesthat the same procedurescan be
usedelsewhere.

By: James W. McM inn
Alexander Clark. Ill
Tommy J. Loggins

Whole-tree-harvest areas were virtually free of debris except for scattered limb piles.
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Procedures ResultsandApplications

The studyincluded1 0 loggingareas,7 of which were
harvestedwith conventionalequipmentand 3 with a
whole-treesystem.Thewhole-treesystemwas included
to providea comparativedemonstrationof fuel recovery
by what is generallyconsideredthe mostefficient pro-
cedure.In the conventionallogging, only solid products
andfiber materialswereremoved.In thewhole-treechip-
ping operations,the smaller materialwas removedand
chippedfor fuel immediatelyprior to removalof themore
valuable material: cull hardwoodsand hardwoodtops
were also chipped.In both types of operation,pinesof
pulpwoodsize andlargerweretakenin treelengths.Pine
limbs were removedby limbing gatesfrom which the
limbswereperiodicallypushedinto piles.Area locations,
types of logging, and generalstandcharacteristicsare
presentedin Table 1. Our procedureconsistedof sam-
pling of theareasbeforeandafterharvest.We exercised
no control over or interferencewith the harvesting
operations.Prior to harvestingeachareawasdelineated
on the basisof theapparentpercentageof hardwoodand
the standstructure,then cruisedon a systematicgrid.
Ten-factorprism plots were usedto samplemerchant-
able-sizedtrees,andthe sameplot centerswereusedfor
fixed-radius hundredth-acreplots to sample smaller
stems.Datawere collectedin five speciesgroups:pine,
oak, other hard hardwoods,sweetgum,and other soft
hardwoods. Identical cruiseswere conductedon the
samesamplinggridsaftertheharvestingoperations.

The cruisedatawereprocessedvia theTotal-TreeMul-
tiproductCruiseProgram(Clark andothers1 985) with
outputsexpressedasmeanvaluesperacrefor eachhar-
vestarea.Regressionsof thequantityof standingmaterial
peracrewerethenrunusingas independentvariablesini-
tial standcharacteristicsjudgedmostlikely to result in
usefulestimatesof residualmaterial.

After conventionalharveststhetotalquantityof stand-
ing residualsrangedfrom 5.4 to 29.3 tons per acre,
whereasit rangedfrom 1 .1 to 5.2tonsper acreafterthe
whole-treeharvests.Severalinitial standvariableswere
testedas predictorsof standingresidualtonnagefor con-
ventionalharvests.The mostreliablewassimplythetotal
tonnageof all treesnot designatedfor harvestas esti-
mated by the Total-tree Multiproduct Cruise Program
(Clark andothers1 985).The regressionequationwas:

Y= 0.71835X-1.164,

where

Y = Tons peracreof standingresiduals,and

X = Multiproduct Cruise Programestimatein tons
per acreof all treesnot designatedfor harvest.

It accountedfor approximately89 percentof thevariation
in standingtonnage.

Table2 presentspredictionsof residualmaterialfor the
rangein tonnageof unmerchantabletreescoveredbyour
study.The predictionsof standingmaterialarebasedon
the above equation;logging debris is derived by dif-
ference.Forexample,underourstudyconditions,10 tons
of leavetreeswouldendup as6tonsof standingresiduals
and(by difference)4 tonsof logging debris.Thequantity
of materialon thegroundwould equal66 percentof the
standingmaterial.Even the highestvaluesof standing
residualsin ourstudywouId bemarginalforunsubsidized
fuel chip recovery,and the debrisfrom the sameuncut
standcomponentwould impederecovery.The downed
proportionincreasesasthetonnageof theresidualstand
decreases.The values in Table 2 only include material
from the theoreticalresidualstand.

Table.--Location,size,typeof harvesting,andgeneralstandcharacteristicsfor ten loggingareasin Middle

Georgia,

Tons/acre Stems/acre

Typeof

Area County Acres Logging Total % Hardwood Total % Hardwood

1 Twiggs 10.1 Conventional 106.1 36.6 655.9 78.7
2 Twiggs 9.5 Conventional 101.7 44.2 927.9 75.3
3 Twiggs 24.5 Conventional 98.6 52.3 858.6 70.7
4 Twiggs 25.7 Conventional 94.5 29.2 1223.1 62.6
5 Twiggs 8.8 Conventional 77.7 8.5 704.4 43.5
6 Jones 8.8 Conventional 79.8 63.8 1094.3 89.1
7 Jones 11.2 Conventional 101.8 11 .8 730.0 65.4
8 Hancock 13.3 Wholetree 80.4 49.3 774.3 77.0
9 Hancock 14.7 Wholetree 81.7 19.2 751.7 58.3

10 Hancock 12.5 Wholetree 94.6 51.8 1216.6 65.5
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Table 2. Predictedresidualmaterial from unmerchantabletreeson conventionallyharvestedmixed pine-
hardwoodareas.

Unmerchantable
trees

Standing
residuals

Logging
debris

Standing
residuals

Logging
debris

Debrisvs.
residuals

tons/acre percent — —

1
10
15
20
25
30
35
40
45

2.43
6.02
9.61

13.20
16.79
20.39
23.98
27.57
31.16

2.57
3.98
5.39
6.80
8.21
9.61

11.02
12.43
13.84

49
60
64
66
67
68
69
69
69

51
40
36
34
33
32
31
31
31

106
66
56
52
49
47
46
45
44

Standing residuals ranged to over 30 tons per acre on conventionally harvested areas.
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Debris consisting of hardwoodsawtimbertops and
pinelimbs would also be left on thesite.On ourconven-
tionally harvestedareas, weights of sawtimber tops
rangedfrom 1 .4 to 8.3tonsperacre(averageof 4.5) and
madeup 49 percentof the total tonnagein hardwood
sawtimbertrees.Approximately4-1 5 tons per acre of
large pine limbswould alsobeassociatedwith suchlog-
ging operations.Whereasthe hardwoodtopswerescat-
tered,the pine limbs were concentratedin a few large
piles where limbing gates were located. Pine limbs,
therefore,could beloadedandtransportedinexpensively,
but this materialcontainsdirt andotherdebris,and has
proved difficult to chip in Commission pilot tests.’ The
foregoingpresentsapictureof ahigh proportionofdebristo
standingmaterial,whichtranslatesto high recoverycostsfor
fuel chipsorhigh sitepreparationcostsbecauseof thevariety
of materialthat mustbedealtwith oneway or theother.

Table 3 presentsresultsof the whole-tree chipping
operationsand comparesthem to predictedresultsof con-
ventionalharvesting.Forexample,if Area8 hadbeenconven-
tionally harvested,we would havepredicted1 5.4 tonsof
standingresiduals:we observed5.2 tonsstanding,andno
debrisother thanthe pine limb piles on the site.The total
recoveredmaterialwas,therefore,calculatedto be 27 tons
per acre.Similar to ourconventionallyharvestedareas,pine
limbs wouldcomprise4.5to 9.4 tons per acreof concen-
trated,but unrecoverablematerial.

Thewhole-treechippingresultswereconsistentwith pre-
viousobservations(McMinn 1 983) and demonstratean
overwhelmingadvantageoverconventionalharvestingif fuel
chipsare to be acomponentof the productmix. Removing
smallermaterial first to avoid uprootingandbreakage,then
chipping hardwoodsawtimbertops after sawtimber re-
moval, resultedin actualrecoveryof 56 to 94 percentmore
materialthanwouldevenbeavailableforconsiderationaftera
conventionalharvest. In addition, the park-like conditions
createdby removalof thesmallermaterialshouldreducethe
harvestingcostsfor thelarger,morevaluablematerial(Wat-
son andothers1 984).

‘/ Personalcommunicationwith J. Fred Allen, Chief,
ForestResearch,GeorgiaForestryCommission.

Our residualpredictionequationshouldbeusedonly for
the rangeof tonnages,percentagesof hardwoods,and pro-
duct mix includedin our study.The predictionswould not
hold,for example,if hardwoodsawlogswerenot removed.
Our resultsindicate,however,that predictionequationscan
bedevelopedfor additionalconditionsby usingthetheoreti-
caluncuttreesasthe independentvariable.

Park-like conditions after whole-tree harvesting of all
material except pine sawtimber.
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